Mass spectrometry is an essential part of ion implantation. Therefore, in order to guarantee beam purity avoiding contamination of the implanted samples, a system was developed for the high current implanter at the Laboratory of Accelerators and Radiation Technologies (LATR) at the Instituto Superior Técnico. The system presented and discussed in this paper was developed using a LabVIEW code and uses a PC to control and display the mass spectrum. It also permits to save all data acquired for posterior analysis. In order to show some capabilities of this system, some experimental results are presented.
Introduction
The ion implanter installed at Laboratory of Accelerators and Radiation Technologies (LATR) at the Nuclear and Technological Campus of Instituto Superior Técnico (IST) is dedicated to materials research which makes isotope selection an important requirement. Being the selectivity of the implanted chemical species one of the most relevant advantages of ion implantation, the mass spectrometry is essential in this process in order to guarantee beam purity avoiding the contamination of the implanted samples [1] - [5] .
With the initial spectrometer system, the mass spectrum was obtained using a plotter. The operator had to perform all the calculations required for calibration. The system developed and presented in this paper permits to the user to control and analyze the mass spectrometry through a PC application, optimizing the entire mass spectrometry process. This system also allows exporting all data acquired for further analysis.
System Description
The high current ion implanter installed at LATR-IST, represented in Figure 1 , is the model 1090 of Danfysik [6] [7] .
The operating flexibility of the ion source (gas, sputter an oven version), makes possible the production of ion beams from nearly all elements of the periodic table [8] [9] . However, for safety reasons, radioactive or very hazardous elements are not handled.
Being possible to achieve for singly charged ions an energy of 210 keV, the maximum ion beam acceleration voltage is 210 kV (160 kV post-acceleration plus on 50 kV extraction). The acceleration tube is specially developed to minimize space charge effects and hence avoid expansion of the beam in an uncontrolled manner. Furthermore, by blocking back streaming electrons it minimizes X-ray emission from the acceleration section. With an electromagnetic two-dimensional beam scanning system the ion beams may be scanned for homogenous exposure over large areas. The maximum beam scanning area depends on the mass-energy product.
One of the components of the ion implanter is an analyzer magnet that bends the ion beam through a right angle to select the desired impurity ions from the output of the source. A charged particle moving with velocity v through a magnet field B will experience a force, given by ( )
where R is the magnet deflection radius and q is the charge. The magnitude of the magnet field may be adjusted to select an ion species with a given mass:
In order to obtain a mass spectrum, two analog signals were necessary to acquire: one proportional to the analyzing magnet magnetic field (x-axes) and another proportional to the beam current intensity (y-axes). The first signal was taken from a voltage output proportional to the analyzing magnet current, available from the magnet power supply. The use of this signal comprised two main difficulties: 1) the analyzing magnet is located at the terminal potential, therefore, an optic-fiber based circuit had to be developed to send the magnet current signal to the ground potential; 2) to avoid magnet hysteresis, it was necessary to continuously increase the magnet the current during a mass spectrum, therefore, another optic-fiber based circuit had to be developed to send the magnet current control signal to the terminal potential. The second signal was taken from the output of the beam stopper, eventually from other beam current measuring device as the Faraday cup or a differential meter Figure 1 . Layout of the high-current ion implanter installed at the LATR.
[10], located at the ground potential.
The whole system was developed using the LabVIEW program, from National Instruments. To establish the connection between the PC and the ion implanter, a multifunction input/output board from National Instruments, model USB-6251 was used.
The user interface for the develop application is show in Figure 2 , where a mass spectrum done before a Manganese (Mn) Implantation, using the oven source version.
Due to the fact that LabVIEW is a graphical programming language specially created for instrumentation and measurement [11] [12] , was possible to developed a simple interface using buttons an indicators (numerical and graphical) to control the ion implanter, that can be used without a major experience.
With this application, the user can control the ion implanter through a PC and save and export the data obtained with the mass spectrometry.
As already mentioned, the mass spectrometry is an essential step of ion implantation in order to make a precise selection of the implanted isotope. With this system, the mass spectrometry PC application displays the mass spectrum and offers the possibility to analyze online the results.
For the calibration the user only needs to input the mass values of two different elements apart from each other. Usually is used, as lowest calibration peak, the mass value of Hydrogen, which is always present due to residual moisture inside the ion source, and the support gas used in the ion source, (usually Argon for sputter and oven versions), as highest calibration peak, which is the most intense beam current out of the ion source. Calibration is then done automatically.
For the calibration calculus, and taking in account the describe above, considering the horizontal axis as a reference, the different line points are given by
where M is the isotope mass (in a.m.u), q is its charge and the calibration units are arbitrary. After calibration a chart is presented in the user interface screen showing the acquired spectrum with correct mass and beam current values, which allows the user to identify all other peaks present on the spectrum. The developed application allows for the user to save two files related to the obtained mass spectrum: 1) a txt format file with all the x-y data acquired by the DAQ; 2) a bmp format file with the obtained spectrum. The txt file is extremely important because it will give to the user the ability to view the acquired data on spreadsheet software for more detailed analysis. The bmp file gives to the user the possibility to study or compare mass spectra with the help of a simple design program. It is also important to mention that the files saved by the application will permit the user to get a more accurate calibration reducing errors when a more accurate definition between isotopes is needed.
Conclusions
The control system presented in this paper was developed to improve the mass spectrometry of the ion implanter used by LATR-IST for scientific research. This system used a personal computer, one multifunction input/ output board, some custom made electronic interface modules and a LabVIEW application.
One of the goals was to acquire the signals of the ion implanter and give the information to the user through a PC. Currently, the user is able to: 1) observe the mass spectrometry trough the PC; 2) acquire more accurate x-y values; 3) automatically calibrate these values more quickly and efficient; 4) automatically save all mass spectrometry data for further analysis.
At this time the system is in use and new developments can be made such as the full automation of the mass spectrometry process. For that, the system must be able to calibrate by itself. Another goal to achieve is the automatic identification of the elements in the mass spectrometry so any user can be able to know which element is present in the ion beam.
